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laracteristics is of major importance in the analysis of human interplanetary 
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The basic geometry of the completely general, non-coplanar orbital launch geometry is illustrated in this chart The 
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This chart shows the orbital geometry for a one, two and three burn maneuver to achieve Trans-Mars Injection ( I'M I). 
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LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 






The duration of a planetary launch window depends on the orbital dynamic change between the orbit plane and 
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LAUNCH WINDOW FROM A HIGH ELLIPTICAL ORBIT 

(HEO) 



LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 
One Bum Option (Perigee Bum) 
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LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 



FOR TM1 (INCLUDES PLANE 
CHANGE) ± 30° AROUND PERIGEE 



ORBITAL LAUNCH WINDOW 
ONE BURN SOLUTION 
FROM LOW EARTH ORBIT 


hpi = 400 km, hai = 400 km, i = 40° 
Use Equation (2) to Determine Oo 
pi -wi = 300, Apt =1, ki = 120 


TM1 DATE 
CALANDER 

TMI DATE 
JULIAN 

a (R.A.) 

5 (Dec) 

C3 

Voc 

— 

04/05/18 

58214 

333.20 

-41.10 

13.9584 

3.73610 

04/07/18 

58216 

332.86 

-40.60 

13.3726 

3.65686 

04/09/18 

58218 

■flH 

-40.15 


3.58283 

04/11/18 

58220 

331.93 

-39.74 

12.3481 

3.51398 

1 

i 

04/13/18 

58222 

331.34 

-39.37 

11.9046 

3.45030 

! 

1 04/15/18 

58224 

330.65 

-39.05 


3.39180 

— 

04/17/18 

58226 

329.87 

-38.78 

11.1458 

3.33853 

04/19/18 


328.89 

-38.52 


3.28517 

: 04/21/18 

58230 

328.02 

-38.36 


3.24814 

04/23/18 


326.95 



3.21136 

■ 04/25/18 

1 

M 

-38.07 

10. .1155 

3.18048 

1 04/27/18 

58236 



■Hi 

3.15577 

i 

j 04/29/18 

58238 

323.12 

-37.87 

9.8443 

3.13756 

' 05/01/18 

58240 


n 


— 

1 

05/03/18 

58242 

320.11 

-37.71 

9.7462 

3.12189 

i 05/05/18 

58244 

318.49 

- 37.62 

9.7664 

3.12513 














































LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 
Two Bum Option (Perigee-Perigee) 
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LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 



TWO BURN MANEUVER, ± 30° AROUND PERIGEE 
BURN INTO INTERMEDIATE 
ELLIPSE (~ 4.8 HR PERIOD) 

TMI BURN (INCLUDES PLANE 
CHANGE) 


ORBITAL LAUNCH WINDOW 
TWO BURN SOLUTION 
FROM LOW EARTH ORBIT 

hpi = 400 km, hai = 400 km, i = 40° 
hp 2 = 400 km, ha 2 = 1 6533 km (5 HR Ellipse) 
Use Equation (2) to Determine Qo 
pi - ooi = 0, p2- ©2= 300, Ap2 =1, k2 = 120 


r 

| TMl DATE 

l 

' CALANDER 

TMI DATE 
JULIAN 

a (R.A.) 

5 (Dec) 

C3 

— 1 

Vcc j 

04/07/18 

58216 

332.91 

-40.72 

13.34835 

3.65354 

04/09/ 1 8 

58218 

332.49 

-40.26 

12.80931 

3.57901 

1 04^ 11/18 

58220 

331.94 

-39.85 

12.31806 

3.50971 

■ 04/13/18 

58222 

331.38 

-39.49 

11.87244 

3.44564 

■ 04/15/18 

58224 

330.68 

-39.16 

11.47035 

3.38679 

} 

■ 04/17/18 

58226 

329.90 

-38.89 

11.11042 

3.33323 

1 04/19/18 

58228 

329.02 

-38.65 

10.79155 

3.28505 

04/21/18 

58230 

328.02 

-38.45 

10.50907 

3.24177 

04/23/18 

58232 

326.95 

-38.29 

10.27485 

3.20544 

1 

04/25/18 

58234 

325.77 

-38.16 

10.07694 

! 

3.17442 

04/27/18 

58236 

324.48 

-38.04 

9.91998 

3.14960 

04/29/18 

58238 

323.10 

- 37.95 

9.80491 

3.13128 

1 05/01/18 

58240 

321.63 

-37.86 

9.73296 

3.11977 

i 05/03/18 

58242 

320.08 

-37.78 

9.70584 

3.11542 

1 05/05/18 

58244 

318.45 

- 37.69 

9.72542 

3.11856 

i 05/07/18 

58246 

316.77 

-37.58 

9.79396 

1 

3.12953 | 


Gravity losses, all propulsive, 1 sol at Mars, 40 day stay, NTP 


LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 
Three Bum Option (Perigee-Apogee-Perigee) 
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LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 



Orbital Launch Window Characteristics 
For 2018 Mars Stopover Mission 
Three Bum from LEO 
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Launch Window Duration 
For 2018 Mars Stopover Mission 
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Launch Window Duration 
For 2018 Mars Stopover Mission 
40 Day Stay Time at Mars 
LEO Altitude 400 km. Inclination 40 degrees 



Launch Window Duration (Days) 


ORBITAL LAUNCH WINDOW 
THREE BURN SOLUTION 
FROM LOW EARTH ORBIT 

hpi = 400 km, hai = 400 km, i = 40° 
hp 2 = 400 km, ha 2 = 1 6533 km (5 HR Ellipse) 
Use Equation (2) to Determine Qo 
pi - co i = 0, p2— C02 = 150, Ap2 =1, ki = 90 
p3 -co3 = 320, Ap3 =1, k3 = 80 


TM1 DATE 
CALANDER 

TMI DATE 
JULIAN 

a (R.A.) 

5 (Dec) 

C3 

Voc 1 

04/07/18 

58216 

332.91 

-40.72 

13.34835 

3.65354 

04/09/18 

58218 

332.49 

-40.26 

12.80931 

3.57901 

1 

04/11/18 

58220 

331.94 

-39.85 

12.31806 

3.50971 

! 04/13/18 

58222 

331.38 

-39.49 

11.87244 

3.44564 

, — 

i 

: 04/15/18 

58224 

330.68 

-39.16 

11.47035 

3.38679 1 

04/17/18 

58226 

329,90 

-38.89 

11.11042 

3.33323 

04/19/18 

58228 

329.02 

-38.65 

10.79155 

3.28505 

1 ~~ 1 

58230 

328.02 

-38.45 

10.50907 

3.24177 , 

| 04/21/18 

! 

i 04/23/18 

58232 

326.95 

-38.29 

10.27485 

3.20544 ' 

'• 04/25/18 

58234 

325.77 

-38.16 

10.07694 

3.17442 

! 04/27/18 

58236 

324.48 

-38.04 

9.91998 

3.14960 

, 04/29/18 

58238 

323.10 

- 37.95 

9.80491 

3.13128 

! 

! 05/01/18 

58240 

321.63 

-37.86 

9.73296 

3.11977 j 

y — * 

05/03/18 

58242 

320.08 

- 37.78 

9.70584 

3.11542 ' 

05/05/18 

58244 

318.45 

- 37.69 

9.72542 

i 

3.11856 | 

j 

j 05/07/18 

58246 

316.77 

-37.58 

9.79396 

3.12953 ; 


Gravity losses, all propulsive, 1 sol at Mars, 40 day stay, NTP 



LAUNCH WINDOW FROM LOW EARTH ORBIT (LEO) 
Three Bum Option (Perigee-Apogee-Perigee) 


The MAiNe runs for the LEO three bum option are the same as for the LEO two bum option 


LAUNCH WINDOW FROM A HIGH ELLIPTICAL ORBIT (HEO) 

One Bum Option (Perigee Bum) 
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LAUNCH WINDOW FROM A HIGH ELLIPTICAL ORBIT 





ONE BURN MANEUVER 

FOR TM1 (INCLUDES PLANE CHANGE) 

± 30° AROUND PERIGEE 



ORBITAL LAUNCH WINDOW 
ONE BURN SOLUTION 
FROM HIGH ELLIPTICAL ORBIT 

hpi = 800 km, hai = 120,551 km, i = 40° 
pi -©1 = 320, Apt =l,ki = 80 
Use Equation (2) to Determine Qo 


TMI DATE 
CALANDER 

TMI DATE 
JULIAN 

a (R.A.) 

5 (Dec) 

C) 

Voc ! 

04/04/18 

58213 

333.36 

-41.40 

14.26497 

3.77690 

! 1 

04/06/18 

58215 

333.06 

-40.88 

13.65206 

3.69487 • 

04/08/ 1 8 

58217 

332.67 

-40.41 

13.09050 

3.61808 

1 

; 04/10/18 

58219 

332.21 

-39.97 

12.57773 

3.54651 

| 04/12/18 

58221 

331.66 

-39.58 

12.1 1 130 

3.48013 

! 

1 04/14/18 

58223 

331.02 

-39.24 

11.68901 

3.41892 


; 04/16/18 

58225 

330.28 

-38.94 

11.30937 

3.36294 

i — 1 

i 04/18/18 

58227 

329.46 

-38.69 

10.97100 

3.31225 

i 

! 04/20/18 

58229 

328.62 

-38.50 

10.69820 

3.27081 

04/22/18 

58231 

327.50 

-38.30 

10.41527 

3.22727 

I 04/24/18 

58233 

326.37 

-38.16 

10.19761 

3.19337 

) 

f 

04/26/18 

58235 

325.14 

-38.04 

10.02045 

3.16551 1 

04/28/18 

58237 

323.81 

- 37.94 

9.88461 

3.14398 

i 04/30/18 

58239 

322.39 

-37.85 

9.79127 

3.12910 

i ’ 

05/02/18 

58241 

320.88 

- 37.77 

9.74189 

3.12120 

| 05/04/18 

58243 

319.30 

-37.69 

9.73833 

3.12063 


Gravity losses, all propulsive, 1 sol at Mars, 40 day stay, NTP 



LAUNCH WINDOW FROM A HIGH ELLIPTICAL ORBIT (HEO) 

One Bum Option (Perigee Bum) 


The computer simulation for the HEO one burn option is the same as for the low earth orbit one 
burn option. 



LAUNCH WINDOW FROM A HIGH ELLIPTICAL ORBIT (HEO) 
Two Bum Option (Apogee-Perigee) 
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LAUNCH WINDOW FROM A HIGH ELLIPTICAL ORBIT 

(HEO) 



TWO BURN MANEUVER 

PLANE CHANGE BURN, ± 40° AROUND APOGEE 
I'M I BURN, * 30° AROUND PERIGEE 



ORBITAL LAUNCH WINDOW 
TWO BURN SOLUTION 
FROM HIGH ELLIPTICAL ORBIT 


hpi = 800 km, hai = 120,551 km, i = 40° 
pi -ooi = 150, Api =1, ki = 90 
P2 -C02 = 320, Ap2 =1, to = 80 
Use Equation (2) to Determine Qo 


TMI DATE 
CALANDER 

TMI DATE 
JULIAN 

a (R.A.) 

6 (Dec) 

Cj 

Voc 

04/04/18 

58213 

333.36 

-41.40 

14.26497 

3.77690 

04/06/18 

58215 

333.06 

-40.88 

13.65206 

3.69487 

04/08/18 

58217 

332.67 

-40.41 

13.09050 

3.61808 

04/10/18 

58219 

332.21 

-39.97 

12.57773 

3.54651 

04/12/18 

58221 

331.66 

-39.58 

12.11130 

3.48013 

04/14/18 

58223 

331.02 

-39.24 

11.68901 

3.41892 i 

04/16/18 

58225 

330.28 

-38.94 

1 1.30937 

3.36294 , 

04/18/18 

58227 

329.46 

-38.69 

10.97100 

3.31225 

1 

04/20/18 

58229 

328.62 

-38.50 

10.69820 

3.27081 

04/22/18 

58231 

327.50 

-38.30 

10.41527 

3.22727 , 

04/24/18 

58233 

326.37 

-38.16 

10.19761 

3.19337 

04/26/18 

58235 

325.14 

-38.04 

10.02045 

3.1655 1 i 

04/28/18 

58237 

323.81 

-37.94 

9.88461 

3.14398 

04/30/18 

58239 

322.39 

-37.85 

9.79127 

3.12910 

05/02/18 

58241 

320.88 

-37.77 

9.74189 

3.12120 

05/04/18 

58243 

319.30 

- 37.69 

9.73833 

3.12063 


Gravity losses, all propulsive, 1 sol at Mars, 40 day stay, NTP 



LAUNCH WINDOW FROM A HIGH ELLIPTICAL ORBIT (HEO) 
Two Bum Option (Apogee-Perigee) 


The MAiNe runs 


for the HEO two bum option are the same as for the HEO one bum option. 


